parent relative enhancement in D mode is observed, and from the ratio D/G the amount of hydrogenation is estimated to be 0.1%. 3 The Raman shift of G mode indicates n-type doping. 4 Figure 2(a) shows non-local spin-valve magnetoresistance measured at 43 K in the configuration of current (3.5 mA) between terminals 4 and 6, and voltage between terminals 1 and 3. The external magnetic field direction was along the Py strips. From the measurement of anisotropic magnetoresistance in Py strips, we confirmed that the coercive forces were 6∼7 mT and 8∼9 mT for wider (4) and narrower (3) strips respectively, in accordance with the jump fields of the spin-valve magnetoresistance. Though the line-shape contains distortions probably due to spins with weak coercivity, i.e. weak pinning force and residual unflipped magnetic domains in Py, this observation certifies that spin-polarized electrons were injected into the graphene layer, since the observed spin-valve signal of ∆R s = 0.98 mΩ is proportional to the injected spin current and the inner product of magnetizations in the two ferromagnetic
The spin injection efficiency P is estimated to be 0.1% for this device, assuming σ = 0.5 mS. nately, as mentioned above, the pinning force of the in-plane magnetic field is so weak in the present Py and the magnetization seems to be significantly slanted to y-axis by the magnetic field though the strips were magnetized along y beforehand. This appeared as significant hysteresis in the magnetoresistance.
In spite of these unfavorable distortions, we still see distinct Hanle features in the signal.
Attention should be paid to the fact that the maxima are shifted from zero-field. Because the external magnetic field in the present configuration causes out-of-plane spin rotation, maxima of non-local resistance should appear at zero-field for electrons without SOI. In a diffusive transport model, the non-local resistance ∆R due to spin current is written as
where A is the junction area, D the diffusion constant, L the detector-injector distance, τ the 
In Fig.3 we show an example of line-shape calculated on the model Eq.
(1), where we adopt B eff =60 mT. In this model, the magnetizations of Py strips are fixed for simplification, which apparently did not hold in the experiment. If one assumes rapid changes in magnetization directions at the positions indicated by vertical broken lines, the combined line-shapes well resemble the observed ones in Fig.2(b) supporting the existence of Rashba-type SOI in the graphene. 3 The above observations in Fig.2 thus clearly confirm that the injected spins transported over 1 µm with remarkable coherence despite the emergence of a strong SOI.
Lastly we changed the current terminals to 1 and 4 and measured the voltage between 5 and 6. Though there was neither net current nor magnetic material in the probe region, clear magnetization-originated signal appeared as shown in Fig.4(a) . Since the SOI inside the Au terminals cannot flip up the spins, the above behavior can only be explained by inverse spin Hall effect, 6 which arose from the Rashba type SOI in the graphene layer and the pure spin current from the Py strip. The signal in Fig.4 (a) takes maxima at around B = 0 unlike that in Fig.2 
(b).
Let J s and S be the flux and the spin of the spin current respectively and the inverse spin Hall current J c is proportional to J s × S. Since J s was along x-axis and the terminal 5
probed the voltage along y-axis, we can express
Then the same parameters as those in Fig.3 reproduce the lineshape with the maximum at around B = 0 as shown in Fig.4(b) , supporting legitimacy of the present analysis. The lower bound in the SOI strength is estimated from the spin Hall angle ∆R ISHE σ 0 /P ∼ 0.02, roughly corresponding to ∆ SOI ∼ 0.1 meV, 10 times larger than the value of pristine graphene. 
